A method is decribed for the simultaneous assay of non-conjugated androstenedione, dehydroepiandrosterone, testosterone, Cortisol, aldosterone and 18-hydroxycorticosterone in urine. The method involves solid-phase extraction, automatic high performance liquid chromatography and subsequent radioimmunological quantitation of the individual steroids. Excretion rates of these urinary free steroids were determined in normal males and females. There were no significant sex differences in excretion rates, although both urinary free testosterone and dehydroepiandrosterone were distinctly Iower in females than in males. Representative measurements of the excretion rates of patients with Cushing's disease, Addison's disease, ectopic corticotropiri syndrome and hirsutism were made. The present method has been shown to be well suited for routine purposes. Its final diagnostic significance for monitoring alterations in glucocorticoid, mineralocorticoid and androgenic activity of the adrenai cortex has yet to be explored.
Introduction
rum steroid , evel (i_3) 5 an d that serum levels of adIt is generaily accepted that the biological activity of renal steroid hormones are strongly subject to diursteroid hormones in serum is more closely related to nal and especially episodic variations (4) (5) (6) . For the non-protein-bound fraction than to the total sescreening purposes, the estimation of total adrenai 0340-076X/83/0021 -0231 $02.00 © by Walter de Gruyter & Co. · Berlin · New York steroid levels from single serum samples is therefore of dubious diagnostic value in assessing adrenal function. This lack of diagnostic validity might be overcome by the estimation of the excretion rates of non-metabolized, non-conjugated (free) steroid fractions in urine; e.g. urinary free Cortisol (7) has been shown to correlate with the unbound fraction in serum and to integrate periodic fluctuations.
In fact, the use of urinary free cortisol äs an index of adrenal function has now been used successfully in clinical practice for several years (8) . Similarly, it has recently been demonstrated that urinary free aldosterone and 18-hydroxycorticosterone adequately reflect mineralocorticoid function (9) . The findings on the importance of urinary free androstenedione and testosterone for monitoring androgenic states are contradictory (10, 11) . To a great extent, the methodological problems inherent in the specific estimation of these low-concentration urinary free fractions may account for the slowness with which urinary free fractions have become accessible to the routine laboratory.
In the present paper we describe a method suitable for routine use which has been evolved to measure simultaneously the urinary free fractions of cortisol äs an index of adrenal glucocorticoid activity, of aldosterone and 18-hydroxycorticosterone äs indices of adrenal mineralocorticoid activity, and of androstenedione, dehydroepiandrosterone and testosterone äs indices of the androgenic activity of either the adrenal cortex or/and the ovaries in females. Excretion rates are reported for four patients with clinically described Addison's disease, ectopic corticotropin syndrome, Cushing's disease and hirsutism.
Materials and Methods

Urine specimen
Twenty-four-hour urine samples were collected without preservatives, refrigerated at 4 °C during collection and stored frozen until analysis.
Subjects
The normal groups of both sexes were healthy individuals from the hospital staff or medical students, males aged 24-35 -years and femaies aged 21-33 years, all within the first 10 days of the follicular phase of the menstrual cycle. All subjects were maintained on a free diet. All medications of the subjects were diseontinued at least 24 hours before the urine collection period.
The diagnosis of the four patients studied had been substantiated clinically and biochemically.
Chemicals
Reagents such äs organic solvente labelled and unlabelled steroids, buffer Solutions, radioimmunoassay (RIA) components and the antisera against cortisol, aldosterone and 18-hydroxycorticosteronc have been listed in prcviously published papers (12, 13) . The antisera against androstencdione, tcstosterone and dehydroepiandrosterone were raised in rabbits by immunization with antigens coupled at C-3 (androstendione and dehydroepiandrosterone) or C-ll (testosterone) to bovine serum ailbumin. Crossreactivities of these antisera against related steroid molecules will be reported ejsewhere (14) .
• r Instrumentation A Hewlett-Packard high performance liquid Chromatograph (model 1084 B) was used for automatic high performance liquid chromatography (HPLC). The instrumental accessories providing automatic Operation from the sampling Step to the fractionated collection of the steroid-containing fractions have been described previously (12) . A polar coated silica (DIOL®, Knauer Ltd., FRG) was used äs the stationary phase, and rc-hexane/isopropanol äs the mobile phase run in a gradient mode (12) . 3 H radioactivir ty was measured in a liquid scintillation spectfometer (Packärd Instr. model 2480).
Methods
In principle, the protocol of the assay followed the schedule outlined for the estimation of multiple steroids in human serum (12) and urine (14) . Briefly, l rnl of urine labelled with tritiated isotope of each steroid was extracted with diethylether using the solid-phase Extrelut® technique. The evapored, organic extract was redissolved in 150 of the mobile phase and subjected to HPLC. Fractions containing steroids were aütomatically collected, evaporated and finally quantitated by RIA. Evaluation of the data was performed with a Computer program using "spline approxirnation" äs the Standard curve model. Minute amounts of tritiated steroids occurring in the steroid fractions were taken into account in the final calculation.
Results
Extraction
The efficiency of the solid-phase extraction step was .more than 95% for all steroids checked with 3 H recovery measurements.
High performance liquid chromatography
Figure l a illustrates the UV-chfomatogram of a Standard mixture of the steroids to be assayed. The Chromatographie parameters of the present HPLC System, such äs reterition times, capacity ratios and resolution between adjacent steroids, have already been documented in the serum steroid assay (12) . The reprodueibility of retention times, an essential Parameter for the fractionation of the individual steroids, was quite good, with a coefficient of Variation less than 1%. The UV-chromatogram of a normal urine sample is shown in figure Ib; i t demonstrates that considerable amounts of unspecific UV-absorbing compourids were eluted in the area of the steroids of interest. The recovery fractions of 3 H^lab elled steroids after HPLC ranged from 0.478 for 18-hydroxycorticosterone to 0.693 for androstendione. The memory effect was less than 0.5% when checked with 3 H radioactivity measiirements. 
Analytical variables
Sensitivity
The theoretical sensitivities (in nmol/1) of the total assay were calculated from the sensitivity of the particular Standard curves (2 Standard deviations of zero bound), from the aliquots for RIA and recovery measurements, and from the average factors of the procedural recoveries. The corresponding values ranged from 0.03 nmol/1 for testosterone to 4.3 nmol/1 for Cortisol. For the steroids androstendione, testosterone, aldosterone and 18-hydroxycorticosterone, the water blanks were slightly higher than the theoretical sensitivity, öbviously düe to unspecific immunologic interference. Charcoal-stripped urine blanks were comparable to water blanks.
Specificity
In addition to the study of cross-reactivities (12, 14) , the degree of immunological interference arising from compounds present in the orgajiic extracts of normal urine specimens was studied by measuring the steroid immunoreactivities in fractions eluted by HPLC ( fig. 2) . As ahready demonstrated for serum (12), i t is evident that considerable unspecific immunoreactivities are present in normal urine which are not attributable to steroids commonly studied for cross-reactivity. The present HPLC System, however, provides distinct Separation of the steroids of interest from these unknown immunologically interfering substances.
Precision, accuracy and practicability
Intra-assay and interassay variability were studied by replicate measurements of normal urine samples. Coefficients of Variation are listed in columns l and 2 of table 1. To date, 290 urine samples have been studied by this method. Accuracy was studied by correlating five different amounts of steroids added to a low-concentration urine sample with those found by the present method. Corresponding data from regression analyses are listed in columns 3 to 5 in table l. As to practicability, the automatic mode of HPLC with overnight Operation makes the present method quite suitable for routine purposes. About 40 simples can be extracted and chromatographed by unattended HPLC within two working days, during which time the radioimmunoassays of other batches can be processed. died were Iower than the Overall detection limits of the assay, thus indirectly documenting the adrenal source of all these steroids. With the exception of aldosterone, the excretion rates of all the steroids were more or less elevated in a female patient with hirsutism due to an adrenal adenoma. In the male patients with Cus/zmg's disease and the ectopic corticotropin syndrome, excretion rates of androstenedione, dehydroepiandrosterone and Cortisol were highly elevated. Testosterone was highly elevated only in the patient with ectopic corticotropin syndrome, whereas it was normal in the patient with Cushing's disease. In both patients, aldosterone and 18-hydroxycbrticosterone were within the normal r nge.
Discussion
The data on the analytical paraineters indicate that the present method for the sim ltaneous estimation of the unconjugated, non-metabolized steroids androstendione, dehydroepiandrosterone, testosterone, cortisol, aldosterone and 18-hydroxycorticosterone in urine is sufficiently reprod cible, accurate, sensitive and specific. In particular, the data fr m the study on unspecific immunoreactivities present in the organic extract of a normal urine specimen (flg. 2) clearly underscore tfee necessity, not only of an organic extraction of steroids from urine, but also of a high-resolution Chromatographie purification step, if specific estimation is to*be g ranteed. As already outlined for the estimation of serum steroids (12) , this Chromatographie requirement is successfully met by the HPLC technique described. The most prominent feature of the present purification method -in comparison to other Chromatographie techniques -is the ability of HPLC to operate completely automatically.
As far äs we have been able to ascertain, the reference ranges for urinary steroids found with the present method are comparable or slightly lower than those previously described in the literature (8, 10, 11, 13, 14, (16) (17) (18) . Corresponding data on the excretion of urinary unconjugated dehydroepiandrosterone have not been documented so far. No significant differences between the sexes were found for the excretion rates of any of the steroids studied. These findings -^ particularly surprising for the excretion of urinary unconjugated testosterone -are in agreement (so far äs data are available) with findings in the literature (10, 11, 19) . In contrast to testosterone, dehydroepiandrosterone is predominantly of adrenal origin (20) and thus would be expectedif related to serum concentration -to be independent of sex. The fact that urinary excretion of unconjugated dehydroepiandrosterone is distinctly (tab. 2), although not significantly, lower in females than in males indicates that the urinary unconjugated non-metabolized fraction of steroids does not necessarily reflect serum steroid levels, and that the finding of a linear renal clearance of unconjugated cortisol (7) cannot simply be extrapolated to the other steroids. This conclusion is also supported by the considerable overlapping of urinary excretion rates of testosterone in males and females (10, 11, 19) , although serum testosterone levels are characterized by distinct and significant sex differences (21) . These findings are probably accounted for by the degree of binding to specific serum proteins or by sex-dependent processes occurring in hepatic and, in particular, in renal steroid metabolism, such äs glomerular filtration, tubular reabsorption and re-excretion. They must be the subject of further investigations.
Concerning the diagnostic significance of the urinary free steroids in monitoring alterations in mineralocorticoid, glucocorticoid and androgenic states, the clinical cases available to us at this time do not suffice to conclusively establish their usefulness. Further studies, especially on physiological and pharmacological factors influencing renal metabolism of these steroids, and on correlations between excretion fates and clinical symptomatology or pathologic states, are needed to substantiate their final diagnostic significance.
